-- Red.mesa (last edited by: McJones on: March 22, 1979 5:46 PM)

DIRECTORY
ImageDefs: FROM "ImageDefs" USING [Makelmage, StopMesa],

I0Defs: FROM "IODefs" USING [GetlnputStream, ReadLine, SetinputStream, TAB, WriteChar, WriteString, WriteLine],

SegmentDefs: FROM "SegmentDefs" USING [FileNameError],

StreamDefs: FROM "StreamDefs" USING [NewByteStream, Read, StreamError, StreamHandle],
StringDefs: FROM "StringDefs" USING [AppendChar, AppendString, EquivalentString],
SystemDefs: FROM "SystemDefs" USING [AllocateHeapNode, AllocateHeapString];

Red: PROGRAM IMPORTS ImageDefs, I0Defs, SegmentDefs, StreamDefs, StringDefs, SystemDefs =
BEGIN

EKind: TYPE = {atom, seq, ap};

ERep: TYPE = RECORD [
SELECT eKind: EKind FROM
atom => [

link: Atom,

pname: STRING,

binding: SELECT bKind: * FROM
unbound => NULL,
primRegular => [primitive: Regular],
primMeta => [primitive: Meta],
defined => [definition: E],

ENDCASE],

seq => [

SELECT sKind: * FROM

nil => NULL,
nonNil => [first: E, rest: Seq],
ENDCASE],

ap => [rator: E, rand: E],

ENDCASE];

Atom: TYPE = POINTER TO atom ERep;

Nil: TYPE = POINTER TO nil seq ERep;

NNSeq: TYPE = POINTER TO nonNil seq ERep;
Seq: TYPE = POINTER TO seq ERep;

Ap: TYPE = POINTER TO ap ERep;

E: TYPE = POINTER TO ERep;

Regular: TYPE = PROCEDURE [operand: E] RETURNS [E];
Meta: TYPE = PROCEDURE [parameters: Seq, operand: E] RETURNS [E];

atomList: Atom ¢ LOOPHOLE[NIL];

true: Atom = MkAtom["true"];
false: Atom = MkAtom["false"];

nilRep: nil seq ERep « ERep[seq[nil[]]];
nil: Nil = @nilRep;

MkAtom: PROCEDURE [pname: STRING] RETURNS [a: Atom] =
BEGIN
FOR a ¢« atomlList, a.link WHILE a~ =NIL DO
IF StringDefs.EquivalentString[pname, a.pname] THEN EXIT;
REPEAT FINISHED =>
BEGIN
a « LOOPHOLE[SystemDefs.AllocateHeapNode[SIzE[atom ERepl]];
at « ERcp[atom[atomlist,-SystemDefs.AllocateHeapString[pname.length], unbound]]];
StringDefs.AppendString[a.pname, pname];
atomnList €@,y M ; i
END 7
ENDLOOP
END;

MkSeq: PROCEDURE [first: E, rest: Seq] RETURNS [s: NNSeq] =
BEGIN
s ¢ LOOPHOLE[SystemDefs.AllocateHeapNode[sIzE[nonNil seq ERep]]; NNSeq];
st « ERep[seqg[nonNillfirst, rest]]]
END;

MkAp: PROCEDURE [rator: E, rand: E] RETURNS [a: Ap] =
BEGIN
a « LOOPHOLE[SystemDefs.AllocateHeapNode[SIzE[ap ERep]], Apl;
at « ERep[ap[rator, rand]]
END;
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SeqFromPair: PROCEDURE [e1, €2: E] RETURNS [NNSeq] = BEGIN RETURN[MkSeq[e1, MkSeq[e2, nil]]] END;
TVFromBool: PROCEDURE [b: BOOLEAN] RETURNS [Atom] = BEGIN RETURN[IF b THEN true ELSE false] END;
BoolFromE: PROCEDURE [expression: E] RETURNS [BOOLEAN] =

1

BEGIN .
RETURN[SELECT AtomFromE[expression | Error => ERROR Error["non truth value"]] FROM
true => TRUE,

false => FALSE,
ENDCASE => ERROR Error["non truth value"]]
END;

UnitFromSeq: PROCEDURE [sequence: Seq] RETURNS [E] =
BEGIN
nns: NNSeq = NNSeqFromSeq[sequence];
IF nns.rest = nil THEN RETURN[nns first] ELSE ERROR Error["too long"]
END;

PairFromSeq: PROCEDURE [sequence: Seq] RETURNS [E, E] =
BEGIN ‘
nns: NNSeq = NNSeqFromSeq[sequence];
RETURN[nns.first, UnitFromSeg[nns.rest]]
END;

TripleFromSeq: PROCEDURE [sequence: Seq] RETURNS [E, E, E] =
BEGIN
nns: NNSeq = NNSeqFromSeq[sequence];
e2, e3: E; [e2, e3] « PairFromSeq[nns.rest];
RETURN[nns first, e2, e8]
END;

AtomFromE: PROCEDURE [expression: E] RETURNS [Atom] =
BEGIN
RETURN[WITH e: expression SELECT FROM
atom => @e,
ENDCASE => ERROR Error["non atom"]]
END;

SeqFromE: PROCEDURE [expression: E] RETURNS [Seq] =
BEGIN
RETURN[WITH e: expression SELECT FROM
seq => @e,
ENDCASE => ERROR Error["non seq"]]
END;

NNSeqFromSeq: PROCEDURE [sequence: Seq] RETURNS [NNSeq] =
BEGIN
RETURN[WITH s: sequence SELECT FROM
nil => ERROR Error["too short"],
nonNil => @s,
ENDCASE => ERROR]
END;

NNSeqFromE: PROCEDURE [expression: E] RETURNS [NNSeq] =
BEGIN
RETURN[NNSeqFromSeq[SeqFromE[expression]]]
END;

PairFromE: PROCEDURE [expression: E] RETURNS [el, e2: E] =
BEGIN
[e1, e2] « PairFromSeq[SeqFromE[expression]];
RETURN[e1, e2]
END;

MapSeq: PROCEDURE [sequence: Seq, f: PROCEDURE [E] RETURNS [E]] RETURNS [result: Seq] =
BEGIN
old, new: NNSeq;
WITH s: sequence SELECT FROM
nil => result ¢« sequence;
nonNil =>
| BEGIN
‘old « @s;
new « result « MkSeq[f[old first], nil};
DO
WITH r: old.rest SELECT FROM
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nil => EXIT;
nonNil => old « @r;
ENDCASE;
new ¢ new.rest « MkSeq]f[old.first], nil]
ENDLOOP
END;
ENDCASE
END;

Eval: PROCEDURE [expression: E] RETURNS [E] =

BEGIN

RETURN[WITH e: expression SELECT FROM
atom => expression,
seq => MapSeq[@e, Eval | Unwind => ERROR Unwind[TRUE]],
ap => Apply[Eval[e.rator], Evalle.rand]],
ENDCASE => ERROR]

END;

Apply: PROCEDURE [operator: E, operand: E] RETURNS [E] =
BEGIN
metaRator, metaRand: E;
BEGIN ENABLE
BEGIN
Error => BEGIN PrintError[descriptor, MkAp[operator, operand]]; GO TO StartUnwind END;
Unwind => BEGIN PrintContext[subexpression, MkAp[operator, operand]]; ERROR Unwind[FALSE] END
END;
WITH rator: operator SELECT FROM
atom =>
WITH atomRator: rator SELECT FROM
unbound => ERROR Error["unbound atom"];
primRegular => RETURN[atomRator.primitive[operand]];
primMeta =>
BEGIN
[metaRator, metaRand] « PairFromE[operand];
RETURN[atomRator.primitive[NNSeqFromE[metaRator], metaRand]]
END;
defined => RETURN[Apply[atomRator.definition, operand]];
ENDCASE;
seq =>
WITH seqRator: rator SELECT FROM
nil => ERROR Error["nil seq operator"];
nonNil =>
WITH srf: seqRator.first SELECT FROM
atom =>
WITH srf SELECT FROM
unbound => ERROR Error["unbound atom"];
primRegular => RETURN[primitive[SeqFromPair[@seqRator, operand]]];
primMeta => RETURN[primitive[seqRator.rest, operand]];
defined => RETURN[Apply[MkSeq[definition, seqRator.rest], operand]];
ENDCASE;
seq =>
RETURN[Apply[@srf, SeqFromPair[@seqRator, operand]]];
ENDCASE =2 ERROR;
ENDCASE;
ENDCASE => ERROR
EXITS StartUnwind => ERROR Unwind[FALSE]
END;
~RETURN[ERRORY}-+-_to-make the compiler happy
END;

Error: ERROR [descriptor: STRING] = CODE;
Unwind: ERROR [subexpression: BOOLEAN] = CODE;

And: Regular =
BEGIN el, e2: E; [e1, e2] « PairFromE[operand];
RETURN[TVFromBool[BoolFromE[e1] AND BoolFromE[e2]]]
END;

RApply: Regular =
BEGIN rator, rand: E; [rator, rand] ¢ PairFromE[operand];
RETURN[Apply[rator, rand]]
END;
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RAtom: Regular =
BEGIN
RETURN[TVFromBool[operand.eKind = atom]]
END;

Define: Regular =
BEGIN
name, value: E;
n: Atom;
[name, value] ¢ PairFromE[operand];
n ¢ AtomFromE[name ! Error => ERROR Error["non atom first"]];
WITH v: value SELECT FROM
atom =>
WITH v SELECT FROM -- in lieu of entire variant as RightSide:
unbound => n.binding ¢ unbound(];
primRegular => n.binding « primRegular[primitive];
primMeta => n.binding « primMeta[primitive];
defined => n.binding « defined[definition];
ENDCASE;
seq => n.binding « defined[@v];
ENDCASE => ERROR;
RETURN[operand]
END;

Distl: Regular =
BEGIN first, second: E;
PairL: PROCEDURE [e: E] RETURNS [E] = BEGIN RETURN[SegFromPair[first, e]] END;
[first, second] ¢ PairFromE[operand];
RETURN[MapSeq[SeqFromE[second], PairL]]
END;

Distr: Regular =
BEGIN first, second: E;
PairR: PROCEDURE [e: E] RETURNS [E] = BEGIN RETURN[SeqFromPair[e, second]] END;
[first, second] « PairFromE[operand];
RETURN[MapSeq[SeqFromEf(first], PairR]]
END;

Eq: Regular =
BEGIN
EqPair: PROCEDURE [expression1, expression2: E] RETURNS [BOOLEAN] =
BEGIN
seql, seq2: Seq;
WITH e1: expression1 SELECT FROM
atom =>
WITH e2: expression2 SELECT FROM
atom => RETURN[@e1 = @e2];
seq => RETURN[FALSE];
ENDCASE => ERROR;
seq =>
WITH e2: expression2 SELECT FROM
atom => RETURN[FALSE];
seq =>
BEGIN
seql « @el; seq2 « @e2;
DO
WITH s1: seq1 SELECT FROM
nil =>
WITH s2: seq2 SELECT FROM
nil => RETURN[TRUE];
nonNil => RETURN[FALSE];
ENDCASE;
nonNil =>
WITH s2: seq2 SELECT FROM
nil => RETURN[FALSE];
nonNil =>
BEGIN
IF ~EqPair[s1 first, s2first] THEN RETURN[FALSE];
seql ¢ si.rest; seq2 ¢ s2.rest
END;
ENDCASE;
ENDCASE
ENDLOOP
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END;
ENDCASE => ERROR;
ENDCASE => ERROR
END;
el, e2: E; [el1, 2] « PairFromE[operand];
RETURN[TVFromBool[EqPair[e1, e2]]]
END;

I: Regular =
BEGIN
RETURN[operand]
END;

Joinl: Regular =
BEGIN
first, second: E; [first, second] ¢ PairFromE[operand];
RETURN[MkSeq[first, SeqFromE[second | Error => ERROR Error["non seq second"]]]]
END;

Not: Regular =
BEGIN
RETURN[TVFromBool[NOT BoolFromE[operand]]]
END;

Null: Regular =
BEGIN
RETURN[TVFromBool[operand = nil]]
END;

One: Regular =
BEGIN
RETURN[NNSeqFromE[operand].first]
END;

Or: Regular =
BEGIN e1, e2: E; [e1, e2] « PairFromE[operand];
RETURN[TVFromBool[BoolFromE[e1] OR BoolFromE[e2]]]
END;

Print: Regular =
BEGIN
PrintE[operand]; 10Defs.WriteLine[""];
RETURN[operand]
END;

Quit: Regular =
BEGIN
ImageDefs.StopMesal];
RETURN[ERROR] -- to make the compiler happy
END;

Read: Regular =
BEGIN
a: Atom = AtomFromE[operand];
strmOld: StreamDefs.StreamHandle = I0Defs.GetinputStream(];
strmNew: StreamDefs.StreamHandle = StreamDefs.NewByteStream[name: a.pname, access: StreamDefs.Read |
SegmentDefs.FileNameError => ERROR Error["nonexistent file to read"]];
CleanUp: PROCEDURE = BEGIN 10Defs.SetlnputStream[strmOld]; strmNew.destroy[strmNew] END;
e E;
BEGIN ENABLE UNWIND => CleanUp[];
I0Defs.SetinputStream|[strmNew];
e « ReadE] |
SyntaxError. => ERROR Error["syntax error in file to read"];
. StreamDefs.StreamError =) IF error = StreamEnd THEN ERROR Error["syntax error in file to read"]];
CleanUp[]
END;
RETURN[Eval[e]]
END;

Save: Regular =
BEGIN
ImageDefs.Makelmage[AtomFromE[operand].pname];
RETURN[operand]
END;
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Sepl: Regular =
BEGIN nns: NNSeq = NNSeqFromE[operand];
RETURN[SeqFromPair[nns.first, nns.rest]]
END;

Tail: Regular =
BEGIN
RETURN[NNSeqFromE[operand].rest]
END;

Aa: Meta =
BEGIN
f. E = UnitFromSeq[parameters | Error => Error["wrong number of parameters"]];
ApplyToElt: PROCEDURE [e: E] RETURNS [E] = BEGIN RETURN[Apply[f, e | Unwind => ERROR Unwind[TRUE]]] END;
RETURN[MapSeq[SeqFromE[operand], ApplyToElt]]
END;

C: Meta =
BEGIN
RETURN[UnitFromSeq[parameters | Error => Error["wrong number of parameters"]]]
END;

Cn: Meta =
BEGIN
p, f, g: E; [p, f, g] « TripleFromSeq[parameters | Error => Error["wrong number of parameters"]];
RETURN[Apply[IF BoolFromE[Apply[p, operand | Unwind => ERROR Unwind[TRUE]]] THEN f ELSE g, operand]]
END;

Comp: Meta =
BEGIN
RETURN[WITH parameters SELECT FROM
nil => operand,
nonNil => Apply[first, Comp[rest, operand] | Unwind => ERROR Unwind[TRUE]],
ENDCASE => ERROR]
END;

Insert: Meta =

BEGIN

f: E = UnitFromSeq[parameters];

nns: NNSeq « NNSegFromE[operand];

result: E ¢« nns.first;

DO ENABLE Unwind => ERROR Unwind[TRUE];

WITH tail: nns.rest SELECT FROM

nil => RETURN[result];
nonNil => BEGIN result « Apply[f, SeqFromPair[result, tail.first]]; nns « @tail END;

ENDCASE
ENDLOOP
END;
Nf: Meta =
BEGIN

ApplyEltTo: PROCEDURE [f: E] RETURNS [E] =

BEGIN RETURN[Apply[f, operand | Unwind => ERROR Unwind[TRUE]]] END;
RETURN[MapSeq[parameters, ApplyEItTo]]
END;

While: Meta =
BEGIN
result: E ¢ operand;
p, f: E; [p, f] « PairFromSeq[parameters | Error => ERROR Error["wrong number of parameters"]];
BEGIN ENABLE Unwind => ERROR Unwind[TRUE];
WHILE BoolFromE[Apply[p, result]] DO result « Apply[f, result] "ENDLOOP;
RETURN][result]
END
END;

TKind: TYPE = {atom, beginSeq, delimSeq, endSeq, beginAp, delimAp, endAp};
Token: TYPE = RECORD [SELECT kind: TKind FROM y

atom => [body: Atom],

beginSeq, delimSeq, endSeq,

beginAp, delimAp, endAp :=> NULL,

ENDCASE];

ReadTokenLine: STRING = [200];
ReadTokenLineEmpty: BOOLEAN ¢ TRUE;
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ReadTokenLinelndex: CARDINAL;
ReadTokenString: STRING = [40];
ReadTokenToken: Token;
ReadTokenTokenPresent: BOOLEAN ¢ FALSE;

ReadE: PROCEDURE RETURNS [expression: E] =
BEGIN
s: NNSeq;
f, a E:
ReadToken: PROCEDURE RETURNS [t: Token] =
BEGIN
ch: CHARACTER;
ReadChar: PROCEDURE RETURNS [ch: CHARACTER] =
BEGIN
WHILE ReadTokenLineEmpty OR ReadTokenLinelndex = ReadTokenLine.length DO
I0Defs.ReadLine[ReadTokenLine];
ReadTokenLinelndex ¢« O;
ReadTokenLineEmpty ¢ FALSE
ENDLOOP;
ch « ReadTokenLine[ReadTokenLinelndex];
ReadTokenLineindex ¢« ReadTokenLinelndex + 1;
RETURN([ch]
END;
UnreadChar: PROCEDURE =
BEGIN ReadTokenLinelndex ¢ ReadTokenLinelndex-1; RETURN END;
-- Body of ReadToken
IF ReadTokenTokenPresent THEN BEGIN ReadTokenTokenPresent « FALSE; RETURN[ReadTokenToken] END;
DO
SELECT ch « ReadChar[] FROM
', |ODefs.TAB => NULL;
'{ => BEGIN t « Token[beginSeq[]]; EXIT END;
', => BEGIN t « Token[delimSeq[]]; EXIT END;
> => BEGIN t « Token[endSeq[]]; EXIT END;
'( => BEGIN t « Token[beginAp[]]; EXIT END;
': => BEGIN t « Token[delimAp[]]; EXIT END;
') => BEGIN t « Token[endAp[]]; EXIT END;
ENDCASE =>
BEGIN
ReadTokenString.length « 1; ReadTokenString[0] « ch;
DO
SELECT ch « ReadChar[] FROM
', ODets TAB; ¢, Yy 2 1 0 ) =D EXIT:
ENDCASE => StringDefs.AppendChar[ReadTokenString, ch]
ENDLOOP;
UnreadChar;
t « Token[atom[MkAtom[ReadTokenString]]];
EXIT
END
ENDLOOP;
ReadTokenToken ¢ t;
RETURNI[t]
END;

UnreadToken: PROCEDURE =
BEGIN IF ReadTokenTokenPresent THEN ERROR; ReadTokenTokenPresent ¢ TRUE; RETURN END;

t: Token « ReadToken[];

-- Body of ReadE
WITH t SELECT FROM
atom => expression ¢ body;
beginSeq =>
BEGIN
IF ReadToken[].kind = endSeq THEN RETURN[nil] ELSE UnreadTokenl[];
expression « s « MkSeq[ReadE[], nil];
DO
SELECT ReadToken[].kind FROM
delimSeq => s « s.rest « MkSeq[ReadE[], nil];
endSeq => EXIT;
ENDCASE => ERROR SyntaxError
ENDLOOP
END;
beginAp =>
BEGIN
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f « ReadE[];

IF ReadToken[].kind~ = delimAp THEN ERROR SyntaxError;
a « ReadE[];

IF ReadToken[].kind~ =endAp THEN ERROR SyntaxError;
expression « MkAp[f, a]

END;
ENDCASE => ERROR SyntaxError;
RETURN[expression]

END;
SyntaxError: ERROR = CODE;

PrintE: PROCEDURE [expression: E] =
BEGIN OPEN |ODefs;
firstTime: BOOLEAN ¢ TRUE;
WITH e: expression SELECT FROM
atom => WriteString[e.pname];

seq =>
BEGIN
WriteChar['<];
DO
WITH e SELECT FROM
nil => EXIT;
nonNil =>
BEGIN
IF ~firstTime THEN WriteChar[',] ELSE firstTime « FALSE;
PrintE[first];
expression ¢ rest;
END;
ENDCASE
ENDLOOP;
WriteChar['>]
END;
ap =>
BEGIN WriteChar['(]; PrintE[e.rator]; WriteChar[':]; PrintE[e.rand]; WriteChar[')] END;
ENDCASE;
END;
PrintError: PROCEDURE[descriptor: STRING, expression: E] =
BEGIN
10Defs.WriteLine[descriptor]; PrintE[expression]
END;
PrintContext: PROCEDURE[subexpression: BOOLEAN, expression: E] =
BEGIN
PrintError[IF subexpression THEN " in" ELSE " =", expression]
END;
Exec: PROCEDURE =
BEGIN
expr: E;
|ODefs.WriteLine["Alto Mesa Red of March 20, 1979 11:20 AM"];
DO
BEGIN
PrintE[Eval[expr « ReadE[ | SyntaxError => GO TO SyntaxError] |
Unwind =>
BEGIN
IF subexpression THEN PrintContext[TRUE, expr];
I0Defs.WriteLine["."];
CONTINUE
END]]
EXITS
SyntaxError => 10Defs.WriteLine["Malformed expression"];
END;
I0Defs.WriteLine[""]
ENDLOOP
END;

-- Initialization
MkAtom["and"].binding
MkAtom["apply"].binding
MkAtom|["atom"].binding
MkAtom|["define"].binding
MkAtom(["dist"].binding

primRegular[And];
primRegular[RApply];
primRegular[RAtom];
primRegular[Define];
primRegular[Distl];

Sl IR RN R
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MkAtom
MkAtom
—MkAtom|
MkAtom
MkAtom
MkAtom
MkAtom
MkAtom
MkAtom
MkAtom
MkAtom
MkAtom
MkAtom
MkAtom

MkAtom
MkAtom
MkAtom
MkAtom
MkAtom
MkAtom
MkAtom

"distr"].binding
"eq"].biqding

nin 2

binding—
"joinl"].binding

"not"].binding
"null"].binding
"1"].binding
"or"].binding
"print"].binding
"quit"].binding
"read"].binding
"save"].binding
"sepl"].binding
"tail"].binding

Exec[]
END.

"aa"].binding
"¢"].binding
"cn"].binding
"comp"].binding
"insert"].binding
"nf"].binding
"while"].binding

R R o R R

Rl S T R I R s T e G i A

primRegular
primRegular
_primBegular
primRegular
primRegular
primRegular
primRegular
primRegular
primRegular
primRegular
primRegular
primRegular
primRegular
primRegular

Distr];
Eql;
—
Joinl];
Not];
Null];
Onel;
Or};
Print];
Quit];
Read];
Save];
Sepl];

Tail];

primMeta[Aa];
primMetal[C];
primMeta[Cn];
primMeta[Comp];
primMeta[lnsert];
primMeta[Nf];
primMeta[While];
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/- Redimese st edited by: McJones on: 28-Oct-80 14:24:38)
D!REG:TOQY

ImageDefs using [Makeimage, StopMesal,
ICefs using [

GetinpuiSiream, Readline, SetinputStream, TAB, WriteChar, WriteString,

Writelingl,
eniDefs using [FileNameError],

amDefs using [NewByteStream, Read, StreamError, StreamHandie],

Stringlefs using [AppendChar, AppendSiring, EquivalentString],
SystemDefs using [AllocateHeapNode, AllocateHeapString];

Red: PROGRAM
mporTe ImageDefs, 10Defs, SegmentDefs, StreamDefs, StringDefs, SystemDefs =
BEGIN

ind: Type = {atom, seq, ap};
Er&ap PE = RECORD [
SeLeCT eKind: EKind FROM
atom => |
link: Atom,
pname: STRING,
binding:
SELECT bKind: * FROM
unbound => NULL,
primRegular => [primitive: Regular],
primMeta => [primitive: Meia],
defined => [definition: E],
:vDC!\S‘:]
.8eq =>|
SELECT sKind: * FROM
nil => NuLL,
nonNil => ffirst: E, rest: Seq],
ENDCASE];
ap => [rator: E, rand: E],
ENDCASE];
Atom: TYPE = FOINTER TO atom ERep;
Nil: TvPE = POINTER TO nil seq
ERep;
NNSsq: TYPE = POINTER TO noniNil seg ‘a““‘ i e LL,(,UKP [
ERep: +\')1 & ondy, El
Seq: TYPE = POINTER TO seq ERep;
fn% TYPE = mcm

Ap: TYPE = POINTER TO ap ERep;
Red secnd ki ]

PE = POINTER TG ERep;

Reguar: TYPE = PRCC [operand: E] reTurns [E];
ta: TYPE = PROC [parameters: Seq, operand: Ej reTurns [E];
omList: Atom « LOOPHOLE[nwL];

2 Atom = MkAtom["true"];

om = VtkA\-On”[)fdk“"]

i seq ERep « ERep[seq[nil[]]];

Ei: \'l = @nilRep;

rroC [pname: sTRiNG] reTuANS [a: Atom] =

a atomlist, alink write 2 ~= NIL DO
i StringDefs.EquivalentStringlpname, a.pnamel THEN ExiT
REPEAT
FINISHED =D
BEGIN
ed.mesa 28-0Oci-80 15:45:50 4
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a « LOOPHOLE[SystemDeais. AllocateHeapNodejsize{atem EReplil;
at « ERepl
atom|
atomLiist, SystemDefs.AllocateHeapString[pname.length], unbound{i]};
StringDefs. AppendStringla.pname, pniamel;
atomlList « a;
END;
ENDLOOP;
END;

. MkSeq: proc [first: E, rest: Seq] RETURNS [s: NNSeg] = INLINE

BEGIN i
s « LOOPHOLE[SystemDets. AliocateHeapNode[size[nonNil seq ERep]il;
st « EReplseq[nonNilffirst, restl]];

END; :
5 IR -
Mkhp PROC [rator: E, rand: E} ReTURNS [a: A{/;\];- A
BE
OOPHOLE[Syste'nDefs AllocateHeapNode[size[ap ERep]]}
af < ERep randl];
END; i

a Pﬁo"‘\
SeqF.rcmPair PROC 1 RETURNS [NNSeg] = inuine {
RETURN \AkSeq[é, NkSeq[@ nillli};
Spas fut Spaa. sea
TVFromBool: proc [b: BOOLEAN]PRETURNS [Atom] = iNuiNE {
RETURN[IF b THEN true ELSE falsel};

BoolFromE: rPROC [expression: E] RETURNS [BOOLEAN] = INLINE
BEGIN
RETURN[
seLect AtomFromE[expression ! Error =) Error Error["nen truth value"]} From
true => TRUE

false => FALSE,
ENDCASE = ERROR Error["non truth value"]]
END; :

UnitFromSeq: PrOC [sequence: Seq] RETURNS [E] = INLINE

BEGIN
nns: NNSeq = NNSegFromSeqgfsequence];
RETURN[F nns.rest = nil THEN nns.first ELsE ERROR Error["too long"]]
END; X
P{U./\
PairFromSeq: proc [sequence: Seq] ReTURNS [E=E] = INLINE
BEGIN
ns: NNSeg = NNSeqgFromSegisequence];
?ETURN[%.";S.H(S'{, UnitFromSeqginns.restj] ﬂ’& .
END; pot

L

TripieFromSeq: PROC [sequence: Seq] RETURNS

BECIN SiGe NNS S 5 ;/’
rns: N eqt—rcm seguence "

' &, &5 Eoy lrinte BH6E) gyl fMA ]
Lc2 e3] ¢ r.errombaq[nns rest;
ENG;

AtomFromE: PROC [expression: E] RETURNS [Atom] = INLINE
BEGIN
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RETURN][
WITH € expression SELECT FROM
atom => @e,
. ENDCASE => ERROR Error["non atom"}]]
END;

SeqgFromE: proC [expression: E] rReturns [Seq] =
BEGIN
RETURN] :
“WITH €: expression SELECT FROM seq => (@e, ENDCASE => ERROR Error["non seq"]]
END;

INLINE

NNSeqFromSeq: ProC [seguence: Seq] ReTURNS [NNSeq] =
BEGIN
RETURN[
WITH S§. sequéence SELECT FROM

nil => ERROR Error["tco short"],
nonNil => @s,
ENDCASE ‘= > ERROR]

END;

INLINE

NNSeqFromE: proc [expression: E] reTurns [NNSeq] =
RETURV[NNSeqFromSeq[SeqFromE[expression]]}}'
(25!
PairFromE: proc [expression: E] RETURNS [gi——ee—E} INLINE {
JeletF= Paanron‘Soq{S%rromE[express'o R::TU;«N@@};
- @
quence: Seq, f: ProC [E] RETURNS [E]] meTurns [result: Seq] =

INLINE {

MapSeq: PROC [seq
BEGIN
oid, new: NNSeq;
WITH S: SEqUEeNce SELECT FROM
nil => result « sequence;
nonNil =>
BEGIN
old « @s;
new ¢« result « MkSeqg[f[old.first], nill;
DO
wiTH r: old.rest SELeCT FROM nil => EXIT; nonNil => old « @r; ENDCASE;
new « new.rest « MkSeq[f[old first], nil];
ENDLOOP;
END;
ENDCASE;
END;

Eval: ProG [expression: E] returns [E] =
BEGIN
RETURN[
WITH €. expression SELECT FROM

atom => exprassior‘
seq => MapSeq[@e, Eval ! Unwind => ERROR UnWlnd{TRbI:]]
ap => Av*pu{:ua\e rator] Evalle.rand]],
ENDCASE =2 SRROR]

END;

Apply: PrROC [operator: E, operand: E] returns [E] =

BEGIN
3 . .
BEGIN
ENABLE
SEGIN
Red.mesa. 28-Cct-80 15:45:50
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Error =>

BEGIN
PrintError{descriptor. MkAp[operator, operand]];
GO TO StartUnwind
END;

Unwind =>

BEGIN
PrintContext[subexpression, MkAp[operator, operand]];
erROR Unwind[FALsE]

END
END;

WITH rator: operatcr SELECT FROM
atom =>
wiTH atomRator: rator SELECT FROM
unbound => ERROR Error["unbound atom"};
primRegular => reTurn[atomRator.primitive[operand]];
: = : :
primMeta => i ; th 2

BEG! !

MP FromE[operand];

ReTURN[atomRator. pl’lmhl‘J"%OmEﬁeta_.B‘a;Dﬂ é\ﬁgrﬁll

END;
defined => reTurn[Apply[atomRator.definition, operand}], twhe  Zope
ENDCASE;

seq => :

wiTH seqRator: rator SELECT FROM

nil => ERROR Error["nil seq cperator"];

nonNil => A o i [ <,
WiTH srf: seqRator first SELECT FROM "'I.r; (C %, P ) 1oy L] p
atom =>
WITH srf SELECT FROM
unbound => ErrOR Error["unbound atom"];
primRegular => -]

seTuan[primitive[SeqFromPair[ @seqRator, operandll];
pnmw‘e a => ReTuRN[primitive[s8qRator.rest, operand]];
defined =>
RLTURN[/—\ppIy[.\AkSeq[defmmon seqRator rest], operand]};
ENDCASE; &
seq => RE*URN{AppIy[@srf ’SeqFromPaxr[@seqRator operan;:&m
ENDCASE =2 ERROR; A
ENDCASE; ' — Tt RN
ENDCASE = ERROR;
exTs StartUnwind => ERrROR Unwind[FALSE];
END;
ERROR
END;

Error: ERROR [descriptor: STRING] = CODE;
Unwind: ERROR [sUbexpression: BOOLEAN] = CODE;

And: Regular = *:) 3 el g

E_%ﬁl» Parm

C@kv PairFromE[operand];
RETURN[T VFromBool[BoolFromEfeT]) ano BoolFromE@]]
END; Vi

RApply: Regular = /n“'

BECIN

Red.mesa. 28-Oct-80 15:45:50 . &
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; DaAg ! L}_A_,\ — :
1e PalrFromE[operand] seql « @et;
= r ; @ 1 = zqu « @ez;
: P“/‘" A’v, t /‘)a/'“‘ Seeenn wiTH s1: seq1 SELECT FROM
RAtom: Regular = {ReTuRN[TVFromBool[operand.eKind = atom]l}; nil => [
RETURN
Define: Regular = VSTIH s>2 seq2 SELECT FROM nil => TRUE, ENDCASE = FALSE];
BEGIN 3 noniNil =
~namerveatuerE; 2 Ay = ) WITH S2: s€q2 SELECT FROM
é T Ator?\ s X /7;),,} ﬂ'q“f nil => ReTURN[FALSE];
'V'aTu"é]j—‘ Pa:rFromE[operand] nonNil => L ]
n \‘,AtomFro'nE name'! Error => ERROR Error["non atom first"]}; BEGIN : : 4
WITH v: @alUk SELECT FROM y IF ~EqPair[s1.first, s2.first] THEN RETURN[FALSE];
atom => — Pl .SErn seq; - s;.?es:; A
WITH V. SELECT FROM -- in lieu of entire variant as RightSide: i3 il Sede = s fES
C“ o (_’; o kit o o T —— ) I’V\‘L[é'l 4{‘ . é'éé/"'/[ .,61/;4 EN{\D; 37
unbound => n.binding ¢ unbound[]; ENDGASE]
primRegular => n.binding « primRegular[primitive]; ENDCASE;
primMeta => n.binding « primMeta[primitive]; ENDLOOP;

defined => n.binding « defined[definition];
ENDCASE;
seq => n.binding « defined[@V];
ENDCASE => ERROR;
reTuRN[cperand]
END;

Dicﬂ' Ragular = - s N ,Ars §

fust sec.ond E: "l
‘Faur' PROC [e: E] reTurns [E] = {RmRN[SeqFromPair@ ell};
ffirst, ST, Second] = PairFromE[operand];

RE.URM[SeqFromE[secord] PairL]]
END;

2 DCan
Distr: Regular = e

/Ej;sc;tijj“ e R >:/\':/ [‘X A - /)L‘- ) e Yﬁ/&’(/} ’

g (PairR: proc [e: E] returns [E] = {reTurn[SeqFromPair[e, second]l};
irSt, Second] € PairFromE[operand]; A

n:um AapSeqlaeqFromE[fzrst] PairR]]

\

a2 m ‘
Eq: Regular = >
BEGIN i Foo
EgPair: prOC Ee_gresw:essmnaﬂ RETURNS [BOOLEAN] =
BEGIN .
seqt, seq2: Seq; P . 7(»1‘
wiTH e1=€xpression SELECT FROM
atom =>
RETURN] Jep f’u» e eA
WITH e2: (€& Q(pressmn? ELECT FROM
atom => @el = @e2,
Seq =2 FALSE, . f
ENDCASE =) ERR@"R];
seq =2
WITH €2: @5@31@2\ SELECT FROM
tom => RETURN[FALSE];
seq =7
BEGIN

Red.mesa. 28-Cct-80 15:45:50

END;
ENDCASE =2 ERROR;
ENDCASE = ERROR

END;
i A
P =) B @meE‘operandiL

r-:TURN[TVFI’O!T]DOOrEdpaI”L'l e2;‘]
END;

I: Regular = {reTurN[operand]};

Joinl: Regular = - §

BEGIN s puu 1 /it/». — i )
irst; Second: B~

Gnrst second] ¢/ fPatrFromE{operand]
ETURN]

MkSeq[ﬂrst SeqFromE second ! Error = ERROR Error["'non seq second"11]]
END; p | pu.m

Not: Regular = {RETURPJ[TVFromBOOl[PJQT BoolFromE[operand}il};

Null: Regular = {reTurn[TVFromBooi[operand = nil]]};

Ons: Regular = {ReTurN[NNSegFromE[operand] first]};

Print: Regular = {PrintE[operand]; IODefs.WriteLine[""}; ReTurN[operand]};
Quit: Regular = {ImageDefs.StopMesal]; ERROR};

Read: Regular =

BEGIN

a: Atom = AtomFromE[operand];

strmOld: StreamDefs.StreamHandie = iODefs.GetinputStream(];

strmNew: StreamDefs.StreamHandle = StreamDefs.NewByteStream|
name: a.pname, access: StreamDefs.Read !-
SegmentDefs.FileNameError => £aroOR Error|"nonexistent file to read"]};

CleanUp: sroc = {IODefs. SetlnputStream|strmOid]; strmNew.destroy[strmNew]};

e:E;

BEGIN

ENABLE UNWIND => CleanUp[];

5 Red.mesa.  28-Oct-80 15:45:50 ()
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léDefs.SetlnputStream{strmNew]; 00 - .
e « ReadE[ eNsBLE Unwind => error Unwind[TRUE];
! wiTH taii: nns.rest SELECT FROM
/SyntaxError, StreamDefs.StreamError => nil => ReTURN[result];
ERRCR Error{"syntax error in file to read"]]; nonf(\:m =>
BEGIN
gf,-anup[] result « Apply[f, SeqFromPair[result, tail.first]};
reTURN[Evalle]] Eﬂg < @tail;
i ENDCASE;
Save: Regular = { EN‘Z"_'DLOOPJ
ImageDefs.Makelmage[AtomFromE[operand].pname}]; ReTurn[operandl}; 1
< A =
Sepl: Regular = N;E’Cﬁita S
i ‘ ApplyEltTo: eroc [f: E] retuans [E] = {

nns: NNSeg = NNSegFromE[operand];

; - fla e : 4
HF_TURN[SeqFromPairE{ms.ﬁrst, nns.rest]] reTURN[ApplY[f, operand ! Unwind => errROR Unwind[true]]l};

reTURN[MapSeq[parameters, ApplyEltTo]]

S A END;
. L j )
Tail: Regular = {ReTURN[NNSeqgFromE[operand].rest]}; TR
Aa: (f:VkBta = 3 ?e It: E « operand; Pj( /czm ot
BEGIN 7
f: E = UnitFromSeq[parameters | Error => Error["wrong number of parameters"]]; ?p ff DB iiEramaal -~ éw J U, 2 L5 ‘)()

ApplyToElt: proc [e: E] reTURNS [E] =

! = " .
reTURN[ApPIY[f, e ! Unwind => error Unwind[rrug]ll}: parameters ! Error =) errOR Error["wrong number of parameters"]];

rReTURN[MapSeq[SeqFromE[operand], ApplyToElt]] Sf,;,‘;”LE Unwind => error Unwind[TRUE];
END; - WHILE BoolFromE[App:y{p, result]] DO result « Apply[f result] ENDLOOP;
i ; RETURN[result
CriMeta = { END s /43’} B [+f
RETURN[ END; o), $C CO A
UnitFromSeqg[parameters ! Error => Error["wrong number of parameters"]]]}; / :
TKind: Tvpe = {atom, beginSeq, delimSeq, endSeq, beginAp, delimAp, endAp};
Cn: Meta = "71 (T Token: TYPE = RECORD [
BEGIN ;.«, v »/(; — "SELECT kind: TKind FrRoM
,,,,T’—E" o8 L atom => [body: Atom],
[p. f. gl e ”D'eFromSEQI beginSeq, delimSeq, endSeq, beginAp, delimAp, endAp => NULL,
arameters ! Error => Error):"wrong number of parameters"]]; 3 / ENDCASE];
e iy ppsend
ADP’Y[ & st ReadTokenLine: striNG = [200];
IF BoolFromE[Apply{p. operand ! Unwind => error Unwind[Trug]]] THEN f ReadTokenLineEmpty: B00LEAN ¢ TRUE;
ELSEQQ/ oRen ancﬂ] & ReadTokenLineindex: CARDINAL;
END; ) f ‘ﬂ% ,V( ' ReadTokenString: staing = [40];
i : ReadTokenToken: Token;
CZ:”(‘;F’N Meta = ReadTokenTokenPresent: BOOLEAN + FALSE;
RETURN[ . R
WITH parameters SELECT FROM Rngdl S : PROC RETURNS [expression: E] =
nil => operand, s: NNSeq;
nonNil => Appiy[ f, a: E;.
first, Complrest, operand] ! Unwind => error Unwind[rrue]], i ReadToken: PROG RETURNS [t: Token] =
ENDCASE =) ERROR] . BEGIN
END; ch: CHARACTER;
ReadChar: PROC RETURNS [ch: CHARACTER] =
Insert: Meta = BEGIN <
REGIN wHILE ReadTokenLineEmpty or ReadTokenLineindex = ReadTokenLine.length 0o
f: E = UnitFromSeg[parameters]; I0Defs.Readline[Read TokenLine];
nns: NNSeq « NNSegFromE[operand]; ReadTokenLinelndex « 0;
result: E « nns.first; ReadTokenLinsEmply ¢ FALSE
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ENDLOOP;
ch « ReadTokenLine[ReadTokenLinelndex];
ReadTokenlineindex « ReadTokenLinelndex + 1;
rReTURN[Ch]
END;
UnreadChar: proc = {ReadTokenLineindex « ReadTokenLineindex - 1};
-- Body of ReadToken
IF ReadTokenTokenPresent THEN
BeGIN ReadTokenTokenPresent « FaLSE; RETURN[ReadTokenToken] END;

DO
SELECT ch « ReadCharl] FroM
', |IODefs. TAB => nuLL;
X => seGiN t « Token[beginSeq(]]; ExiT END;
', => BEGIN t ¢ Token[delimSeq[]]; ExiT Enp;
> BEGIN t « Token[endSeqf]]; Exim END;
> BeGIN t « TokenjbeginAp{l]; ExiIT END;
> BEGIN t « Token[delimApl[]]; exir enp;
> BeGIN t « TokenlendAp[l]; EXIT END;
NDCASE =>°
BEGIN
ReadTokenString.length « 1;
ReadTokenString[0] « ch;
DO
SELECT ch « ReadChar[] From
; IOBefs TAB. %, %, D, & ") =) ExiT;
:r\DCASE => StringDefs. AopendChar[ReadTokenStr-ng, ch]
ENDLOOP;
UnreadChar;
t « Tokenfatom[MkAtcm[ReadTokenString]]l;
EXIT
END
ENDLOOP;
ReadTokenToken « t;
RETURN(t]
END;
UnreadToken: prOC = {
IF ReadTokenTokenPresent THEN ERROR; ReadTokenTokenPresent « TRUE};
t: Token « ReadTokenl]; -- Body of ReadE
WITH t SELECT FROM
atom => expression « body;
beginSeq =>
BEGIN
IF ReadToken[].kind = endSeq THEN ReTURN[nil] ELSE UnreadToken[];
expression « s « MkSeg[ReadE[], nill;

DO
seLeCT ReadTeoken{].kind FROM
- delimSeq => s « s.rest « MkSeg[ReadE[], nil];
endSeq => ExT;
ENDCASE =2 ERROR SyntaxError
ENDLOOP
END;
beginAp =>
BEGIN
f « ReadE[l;
IF ReadToken[].kind ~= delimAp THEN ERROR SyntaxError;
a « ReadE[};
if ReadToken[l.kind ~= endAp THEN ERROR SyntaxError;
expression « MkAplf, a]
END;
ENDCASE =2 ERROR SyntaxError;
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RETURN[expression]
END;

SyntaxError: ERROR = CODE;

PrintE: proc [expression: E] =
BEGIN OPEN |ODefs;
firstTime: BOOLEAN ¢ TRUE;
WITH €: expression SELECT FROM
atom => WriteString[e.pname];
seq =>

BEGIN
WriteChar['<};
DO
WITH € SELECT FROM
nil => xiT;
nonNil =>
BEGIN ; P
IF ~firstTime THEN WriteChar[’,] ELsE firstTime « FALSE;
PrintE[first];
expression « rest;
END;
ENDCASE
ENDLOOP;
WriteChar['>]
END;
ap =>

BEGIN
WriteChar['(j;
PrintE[e.rator];
WriteChar{":];
PrintE[e.rand];
WriteChar[')]
END;
ENDCASE;
END;

PrintError: PROC [descriptor: STRING, expression: E] = {
10Defs.WriteLine[descriptor]; PrintE[expression]};

PrintContext: PROC [subexpression: BOOLEAN, expression: E] = {
PrintError[iF subexpression THEN " in" ELSE " =", expression}};

Exec: PROC =
BEGIN
expr: E;
{ODefs.WriteLine[" Alto Mesa Red of 28-Oct-80 14:24:38"];
D%EGIN
PrintE[
Evall
" expr ¢« ReadE[ ! SyntaxError => Go 10 SyntaxError] !
Unwind =>

BEGIN
IF subexpression THEN PrintContext[TRuE, expr];

I0Defs. WriteLine["."];

CONTINUE z

EnD]].
exiTs SyntaxError => 10Defs.WriteLine["“Malformed expression”];
END;
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IODefs.WriteLine[""]
ENDLOOP
END;
1

-- Inftialization

MkAtom["and"].binding « primRegular[And];
MicAtom["apply"].binding « primRegular[RApplyl;
MkAtom["atom"].binding « primRegular[RAtom];
MkAtom|["define"].binding ¢ primBRegular[Define};
MkAtom{"distl"].binding « primRegular{Distl];
MkAtom|["distr"].binding « primRegular{Distr];
MkAtom{"eq"].binding € primRegular[Eq};
MkAtom["i"].binding « primRegular[il;
MkAtom{"joini"].binding « primRegular{Joinl};
MkAtom{["not"].binding « primRegular{Not};
MkAtom!["null"].binding .« primReguiar{Nuli];
MkAtom{"1"]binding ¢« primRegular[One];
MkAtom["print"].binding « primRegular[Print];
MkAtom["quii"].binding ¢« primRegular[Quit];
MkAtom!["read"].binding « primReguiar[Read];
MkAtom["save"].binding ¢ primRegular[Save];
MkAtom["sepl"].binding « primRegular[Sepl];
MikAtom["tail"].binding « primRegular[Tail};
MkAtom[“aa"].binding « primMetafAaj;
MkAtom["c"].binding « primMetalCl;
MkAtom["cn"].binding « primMetalCn];
MkAtom["comp"].binding « primMeta[Comp];
MkAtom["insert"].binding « primMetafinsert];
MkAtom["nf"].binding « primMetalNf];
MkAtom["while"].binding « primMeta[While];

Exec[];

END.
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<
<or, <cemp, not, apd, <aa, nhotr>>>?

22, <eomp, 1, Yarir>

&3, Coomp,: 1. tail; tavri»>

21a5t1, ceomb, 1., twhidle, <comp, not, null, vail2; tailr»>>
&1astr, CER, Scomp, null, tairl>, 1, <comp, Laste, Tam>»)

Clasem. <<en. <comp, mulkl,. taill, 27,
coomp,. 1,02,
Ceamn, apply, <nf, L, <gemp. tail, 2250227

Cqdadnw . <<en, <cemp, Uil 1,.2>,
ot <eomp .2, @Y.
Coomp.. lednl., wnl, <eomp, Yo%, 2¥;
Ccomp, apply,
cpt ol Xnt, Keond., -tad i b 22
CCOmp., 2. 227330205

{reverse, <comp, 2,
<cwilid e, <comp, not, pull, >,
<nt, - <ocomb; tail, 1>,
Ceomp,: Jo ity Rl <eampy . & B U
o RS LT

Ceat. - coomp., 1, <while, <comp, not, null, 2>,
LRl Scomp.,: goiinty <nbe- 1, <COmMp, "I, 2205
Seomp,: tail, £2322)

<Etrans, <comp, 1,
CuBlg, XEomp . ot By by 2y

<ol <camp.o jeoinr, <nf, 1, <comp, <ALy dXax

<eomp, -<aa, Tall>, 2300,
0 I 5 ) it SO b B

<zerop, null>
CHIAd . <comp,. Joinlk, <t KC, 4D, 122D
<csubl. tail>

Csim, -<comp; 2,
<while,  <comp, not, zerep, 1>,
k.t Scomp, subl, 12 Ceomp.,. . DIuS L. drirND

<product,
cecomp,
0.
<whiile,
Scomp.,. not, zerop, 1>,
NI, <comp. &ubl, A>», 2, Ceemp., Stm, CAF, 24, 30223,
e SRR SOl R A Y o S

dEsuare. <comp. product, <nf, i, 122>

cexp,
<eomp,
L
<while,
ccomp, not, zerop, 1, .
Enfr Ceomp,; ‘subl, 1>, 2, <ecomp, product: - CRt . 25 32222,
7 1F [t SRR S S U8 Do b -

di2m, Acomp., exp, <t 122

CRger.  Aen . deomp., 'zerep, 2>,
P B e
<comp, product,

SRR 2

(oomp., apply, <nf, 1, <comp. Subl, 222222323
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(<comp, <aa,define>, read>:defs.red)

Eor, ccomp, not, and, <aa, not>>>

22, ceomp., ‘1, tairl>d

23, {comp, 1,}tai1, tail>>

21asti, Ccomp, 1, <while, <Ccomp, not, null, tail)> .  taill>d)
21astr, Cen - Leomp;. -yl fatl> 1., <comp. lastr, tall>>>
¢lastm, <<cn, <comp, null, tail, 2>,

ceomp., v 2> |
<eomp,l appd Ny, <af, -1, <comp, Ltavl. 2X22>7)

Slaane,  csen, o sccomp o ntld, - L, 22, ‘1 | e kz b T Gl T ’ﬁf, bl T
: T e S D (éik:i).ﬁ/ij i3 *‘:?Ji / : 13(2’ f£ *
<comp,. joinl, spf, Scomp, 1, 1, 22,
CCOmB, ADR I T T , g
B el Wi R e T Y R (BReR S S
\ ;-M‘EH

SCOMP .2 £2222722227

{reverse, <comp, 2, - ) | -
while, Kcomp, not, nutl, 12,
Caf . <comp; tarl; 12 -
ceomp, - Joind, XKnt, <comp, -1, Lo, &27ar,
eat. A, KRS

CCRL. ceomn, 1. Swhile, <comp, not, aull, 22,
ent, <eomp, joaar, <nf. 1.-<comp, ¥, 2>>2.
CCOMD, Eaal ., 222200

Strans, <comp, 1, '
KW ¥e . Seomp,: - not, null, Ly €2,
<t Seomp,  Joane, Anl, 1 fcomp, San, o A
Cocomp,. <aa, Tailx, 2232
CHE. KRR TIDDD

<zerop, nulli>
cntust . ccompi Jodnl, <nf, €¢; 1>, 1022
sl ka1l

<sum, <gomp, 2,
cwhale, ~<comp. -pot, 2erep, 17, ~
¢nf ., <comp, sSubl, A2, Acomp. plHUSE, 22232

{product,
ccomp,
3 y
<while,
ccomp, not, Zerop, 12,
ol Ceomp, SHb 1D 2 S CEOmD | SHIN, SHE 2 DB
e i R B i e B

{siquara, <comp,. product, <nf, 1, 153>

<exp,
ccomp,
3,
<while, '
{comp, not, zerop, 12,
Gnfl.. <oemp; Ssubd 1> 25 KCOMp., prouugct SRt &, S22,
0 e R0 UM <Y S BRGR (B

CHEZN, <comp.,. axp, <t .04, -32>2

(Ract, <<cn, <comp, zerop, 2>,
B G 2 o




Masa.typescript 2o 28=0eE~80 18:44:69 Page 2

(comp, product,
1 b iy
Ccomp, apply, <ol 1. Kcomp, SUbl; Z22272X2)3

(Cor, <comp,not,and;<aa,not>>>,<2,<comp,1,tail>> . <3,<comp,l,tail,tairl>d>;Clasti,<comp,t,<whila ;<comp,not;
a1, tail), taild>>> . Clastr,{cn,<comp,null,tail>,1.<comp, lastr tall>>>, <lastm,<<cn,Scomp,nill tatl; 22 X
**¥comp,1,2>,<comp,apply,<nf,1,<comp,tail,2>>>>>>,<joinr,<{Lcn,<conp,null,1,2>,<nf,<comp,2,2>>,<comp, join
a1 <nf, <comp,1,1,2>,<comp,apply,.<nf,1,<nf ,<comp,tail,l,2>,<comp,2;,2222222222 ,SraNanrse, SCOMP ,£,SWhike <
*Teomp,hot. aull, 1>, <af  <comp,tail 1> ,<comp,joinl, <nf,.<comp,; 1,12 ,2222% Kt , 15082222, sCaly SCOMP 4, cWi e
**,(camp.not,nu11,2>,(nf,<cnmp,joinr,<nf,1,(nomp.1,2>>>,<c0mp.tai1,2>>>>>.<trans,<c0mp,1.<wh11e,<cnmp,n
skgt nill,3,2>,<nf,<comp,joinr,<{nf,1,<comp,Caa, 1>,23>>, <comp,<aa,tatl> 2253 X0t , SNt 1220 C2er0n; Aldto,
*$<p1usl.<camp,joinl,<nf,<c,1>,i>>>,<subl,tai1>,<sum,<comp,2,(whi1e,<comp,net,zerop,1>.<nF,<comp,sub1,1
%% Ccomp,plusl,2>>>>> ,<product,<comp,3,<while,{comp,not,zerop,1>,<nf,<comp,subl,1>,2,<{comp,sum,<nf,2,3
kx5555 (af . 1,2,<e, OX2>), <square ,<comp,product,<nf,1,1>2>,Laxp,<comp,3,uhile . <ccomp,not,zerop, 12, <Rl SC
"somp , subl, 1>,2,<comp,product,<nf,2,3>>>>,<nf,1,2,4¢, 122355 . <n2n, <comp ,0xp,<nt, 31,1222, <Fact ;S CCh,<Comp
s%_2erop.2>.<c,. LO>2 <comp,product ,<nf,2,<comp ,apply.int ;1 ,<comp,supl; ;22222223
(or:<{true,false>)
true
(2% S@&;0.02)
b

(3: <a,bh,e2)
?1asti:<a,b,c,d,e>)
?Lasti:(a,b,c,d,e,f))
E1astr:<a,b,c,d,e,f>)
ijoinr:(ia,b,p>,d>)
MalTormed expression

{ca;b.cr . a>
Malformed expression

Clodnp:c<a; b, ¢c,>,d>)
Malformed expression

Malformed expression

d
Malformed expression

Malformed expression

Cjodne i <<a, bye>,d>)

unbound atom

(e, B e r<<kh, e, 0>, b, e>,d>>) =

Caca, b, 02 144D, CH ux) =

(applyeadoda B e, d> <Xhe>, d22% 1D
({ﬁomp,app1y,<nf,1,<nf,<c0mp,tai1,1,2>,<comp,2,2>>>>:<<<a,b,c>,d>,<<a,h,c>,d)>) in
(<nf,<comp,1,1,2>,<comp,apply,<nf,1,<nr,<comp,tai1,1,2),<cﬁmp,2,2>>>>>:<<<a,h.c),d>,<<a,b,c),d>>) in
(<comp,j01n1,<nf,<comp,1,1,2},<c0mp,app1y,<nf,1,<nf,<ﬂ0mp,ta11,1,2),<ﬁ0mp,2.2>>>>>>:<<<a,h.c>,d>,<{a,b,
st o1 B3 o S VG
(<cn,<comp,nu11,1,224<nfmﬁcng$ZL2?)¢§CQmquaﬁn1,<nfh<memp,1,1,2),icamp,app]y,(nf,1,<nf,<comp,tail,1,2>
*$,ﬂﬂamp,2,2>>>>>}>&{£<a,h,c>,d>,<<a,h,c>,d>}g = fﬁ’"éﬁcmkwi
{<{cn,<ﬁomp,nu11,1,??}?ﬁ?f?EEEET?T???TYEGmpgj'in],(n NCeomp,1,1,2> . <comp,appliy.<nf, 1, <of <comp, tadil, 1,2
¥%5 Jeomp,2,2>>002>>>:{Ka,b,c>,d>) = ' '
(doanr:<<asb,c>id>).

Cipint:<<a,b>,<c,d>2)

CLaub>,c,a

(o thr<<a bs e,d22 )

unhound aton

(<8 ib>dach> e, d>5, <Kb>, e db>>) =

(g obo e o> i<<h> <, db>) =

fapntyic<da, by e, 4o <Ch2: <c,d>>0) i
(<comp,app1y,<nf,1,<nf,<c0mp,tai1.1,2>,<comp32,2>>>>:<<<a,b>,<c,d>>,{<a,h>,<c,d>>>) in
(<nf,<comp,1,1,2>,<comp,app1y,<nf,1.<nf,<ﬂomp,tai1,1,2).{comp,2,2>>>>}:<<<a,b>,<c,d>>,<<a,b>,<¢,df>>) ]
:E*n »
(<comp,join1,(nf,<comp,1,1,2},<c0mp,app1y,<nr,1,<nf,<c9mp,tai1,1,2>,<c0mp,2,2>>>>>>:<<<a?b>,<c,d>},<<a.
a1 ST 6 b
(<cn,<c0mp,nul!,l,2>,<nf,<c0mp,2,2>>,<c0mp.j01n1,<nF,<comp,1,1,2>,<comp,app1y,<nf,1,<nf,<comp,tail,1f2>
W coomb 2,222 ks <R, bd He  doa SR NI SC R S '
(<<cn,<c0mp,nu11,1,2>,<nF,<c0mp,2,2>>,<C¢mp,jain1,<nf,<comp,1,1,2)‘<c0mp,app1y,<nf,1,<nf,<comp,tai1,1,2
BB K COMDL 2,200 02 22 5Kau B2, K, d2>) = |
(jodnr<<a, b2, se,d22).
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(reverse:<a,b,c,d>)

cd.c.b. a?

(Cat:<<a,b>,<C,d>>)

unbound atom

(ca B> esddh> 6>, <Kb>,E>>) =

(e o cy:<<h2.02) =

(apply:<<<a b>,¢>,£<b>,c>>) 1In
((comp,apply,(nf,l,(nf,(comp,tai1,1,2>,<C0mp,2,2>>>>:<<<a,b>,c>,<<a.h>,c>>) in
((nf,<comp,1.1,2>,<comp,app1y,<nf,1,<nf.<comp,t311,1,2),(comp,2,2>>>>>:<<<a,b>,c>,<<a,b>,c>>) in
((camp,join1,<nf,<c0mp.1,1.2>,{comp,app1y,<nf,1,<nf,<comp,tai1,1,2>,<comp.2,2>>>>>>:<<<a.b>,c>,<<a,b>,c
RED2) = :
(<cn,<comp,nu11,1,2>,<nf,<comp,2,2>>,<comp,j0in1,(nf,(comp,l,l,Z),(comp,app1y,<nf,1,<nF,<c0mp,Luﬁ1,1,2)
Bl Coomp,d, 22> ikkKa, by, 6>, KK8a,b>,e>>) = '
(<<cn,<c0mp,nu11.1,2>,<nF,<comp,2,2>>,<comp,join1,<nf.<pomp,1,1,2>,(comp,app1y,<nf,1,<nf,<comp,tai1,1,2
e CCOmp, 2, 222220202454, h2>,e>) =

(joinr:<<a, b>,c>) 1in

(<comp, jolhr,<nf, 1. <comp,1,2>>>:K<a;b>,<c,d>>) In
(<nf,<comp,joinr.<nf,1,<comp,1.2>>>,<comp,ta11,2>>:<<a,b>,<c,d>>) in
(<wh11e,<c0mp,not,nu11,2>,<nf,<comp,joinr,(nf,i,(comp,l,2>>>,<comp,tai1,2>>>:<<a,b>,<c,d>>) n
(<comp,1.<whi1e,<comp,not,nu11,23,<nf,<comp,jainr.<nf,1,<c0mp,1,2>>>,<comp,tai1,2>>>>:<<a,b>,<c,d>>) =
egtssda. >, <c,d>>).

(Bxp = 5L, 1>, <1 ,1, )
o R I Wt T W et e B B
axpr ¢Cl ol <1, 125
s R Lt L 1 [, G [
(quit:x)
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